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2.4. Characterizations
The rotational viscometer (NDJ-5s) was used to determine the viscosity and flow behavior of LLP. According to its approximate viscosity, the appropriate rotor size and speed were chosen and tested in parallel three times.
The acid value of lignin-based polyester polyols was obtained according to the HG/T 2708-95. The calculation equation (2-1) is as follows:


The hydroxyl value of lignin-based polyester polyol was measured according to the HG/T 2709-95. The calculation equation (2-2) is as follows:


where  (mg KOH/g) is the acid value, (mg KOH/g) is the hydroxyl value, (ml) is the consumption of KOH standard titration solution in blank test;(ml) is the consumption of KOH standard titration solution when titrating sample;(mol/L) is the concentration of KOH standard titration solution;(g) is the weight of the sample. 
The chemical analysis of corn straw lignin and liquid lignin polyester polyol (LLP) was appraised by Fourier transform infrared (FTIR) spectrometer (TENSOR II FT-IR, BRUKER) coupled to an attenuated total reflectance (ATR) mode. Each sample was acquired in the 4000-400 cm-1 spectral range with a scanning resolution of 4 cm-1.
Bending tests were gone through a universal microcomputer-controlled testing machine (CMT-5504) at room temperature of 25 °C equipped with a 5 kN of load cell. The specimens for Charpy unnotched impact strength were performed using a pendulum impact testing machine (XJC-25Z) according to GB/T1043.1-2008. Each set of experimental data provided for analysis was of an average value of 6 specimens.
Dynamic thermomechanical analysis (DMA) which is used to assess the storage modulus (E') and the tan δ value was performed on a NETZSCH DMA 242E analyzer from -30 °C to 160 °C under the condition of three-point bending mode. It was determined upon heating each sample at a heating rate of 5 °C/min at the frequency of 1 Hz. 
Thermal stability of the cured epoxy resin with different LLP was investigated through a thermogravimetric analyzer (Q Series-TGA Q50). Each sample (about 8 mg) was placed in a standard Al2O3 crucible and heated from 25 °C to 600 °C at a heating rate of 10 °C/min under an N2 flow of 20 mL/min. All the thermal degradation parameters were calculated in the analysis software.
[bookmark: _Hlk72498204]The morphology of cured epoxy resin was observed via SEM (Apreo, Thermo Scientific). Cross-sections of the samples were made by cryo-fracture using liquid nitrogen and put into an airtight dryer. Prior to imaging, each sample was coated with Pt and tested at an accelerating voltage of 5 kV.
